The ontogeny of substance P (SP) receptor binding sites in rat brain has been studied using both membrane binding assays and in vitro receptor autoradiography. The density of SP binding sites is maximal 1 d before birth and decreases thereafter to reach adult values 14 d after birth. During the early postnatal period, the distribution of SP binding sites undergoes major modifications. For example, very high densities of SP binding sites are present in most brain stem nuclei from 1 to 14 d after birth, while it is not the case in adults. In the striatum, SP receptors are distributed in a "patchy" manner early after birth, while it is much more homogenous in the adult. This demonstrates that SP receptors undergo major redistributions during postnatal development. The very high density of SP binding sites present in the brain at its early stages of development may indicate that SP could be an important factor involved in the early organization of the CNS.
More than 50 years ago, Von Euler and Gaddum (193 1) reported on the presence of an unidentified depressor factor in brain and gut that they named substance P (SP). Later on, Chang and Leeman (1970) purified SP to homogeneity and demonstrated that is was an undecapeptide member of the tachykinin family (Erspamer, 198 1) . Since then, multiple radioimmunological and immunohistochemical studies have described the extensive distribution of SP-like materials in mammalian brain (Brownstein et al., 1976; Cue110 and Kanazawa, 1978; Ljungdahl et al., 1978; Shults et al., 1984) . High concentrations of SP-like immunoreactivity are found in various brain regions-including the striatum, the hypothalamus, the substantia nigra, and the superficial layers of the dorsal horn of the spinal cord-suggesting possible roles for SP in various brain functions (Pemow, 1983) .
Moreover, the distribution of SP receptor binding sites in CNS and PNS also suggests important roles for SP and related peptides in the integration of brain functions (Charlton and Helke, 1985; Helke et al., 1984; Mantyh et al., 1984a; Mohini et al., 1985; Quirion, 1985; Quirion and Dam, 1985a; Quirion et al., 1983; Rothman et al., 1984; Shults et al., 1984; Wolf et al., 1985) . For example, the high densities of SP receptors in olfactory, visual, auditory, and pain pathways suggest that SP is probably involved in the control of sensory processes (Quirion et al., 1983) . Moreover, the presence of dense SP-receptor populations in hippocampus and certain cortical areas indicates that SP might be involved in the mediation of cognitive functions (Quirion and Dam, 1985b; Quirion et al., 1983) .
Various functional studies also reveal the possible extensive role of SP in the brain (Pemow, 1983) . In particular, it has been shown that SP is released from the terminals of certain primary afferent neurons following nervous stimuli (Otsuka and Konishi, 1983 ). The released SP could then induce an excitatory effect on spinal dorsal horn neurons (Henry, 1976 ) that would generate a painful stimuli (Otsuka and Konishi, 1983) . Moreover, intrathecal injections of SP elicit behavioral effects suggestive of pain sensation (Hylden and Wilcox, 1981) and SP receptor blockers have analgesic actions when applied intrathecally (Rosell and Folkers, 1982) . Thus, it has been suggested that SP should be considered as the first peptide neurotransmitter (Otsuka and Konishi, 1983) .
However, very little is currently known on the developmental aspects of SP and its receptors in the CNS, even if it has been shown that SP stimulates neurite outgrowth (Narumi and Fujita, 1978; Narumi and Maki, 1978) , counteracts neurotoxin-induced damage or norepinephrine and 5-HT neurons during ontogeny Hallman, 1982a, b, 1983a, b; Nakai and Kasamatsu, 1984) , and activates connective tissue cell growth (Nilsson et al., 1985) . A few recent studies have demonstrated the early prenatal appearance of SP brain pathways (Chamay et al., 1983; Del Fiacco et al., 1984; Inagaki et al., 1982; Kessler and Black, 1981; McGregor et al., 1982; Namura et al., 1982; Paulin et al., 1980; Sakanaka et al., 1982) , while the development of SP receptors is totally unknown. We report here on the ontogeny of SP receptor binding sites in rat brain using membrane binding assays and in vitro receptor autoradiography. Our data demonstrate that the distribution of SP receptors undergoes major redistribution during postnatal ontogeny, suggesting important roles for SP during brain development.
Materials and Methods

Animals and chemicals
Timed-pregnant Sprague-Dawley female rats were obtained from Canadian Breeding Farms (St. Constant, Qukbec). Animals were individually housed in polyethylene cages, maintained on a 12 hr light-dark cycle, and given free access to food and water. After birth, pups were kept with their mothers until weaning, if applicable. Synthetic SP was purchased from Peninsula Laboratories (San Carlos, CA). Radiolabeled monoiodinated Bolton-Hunter SP (1251-BH-SP, 2000 Wmmol) was obtained from New England Nuclear (Boston, MA). Trisma, BSA, bacitracin, leupeptin, chymostatin, EDTA, and manganese chloride were obtained from Sigma Chemical Company (St. Louis, MO). Other chemicals were obtained from usual commercial sources.
Cell membrane preparations
For experiments using prenatal rats, timed-pregnant female rats were killed by decapitation on the appropriate day and prenatal pups (1 and 3 d before birth, El 7, E20) were decapitated; their brains were rapidly isolated and snap-frozen in 2-methylbutane at -40°C. For postnatal experiments, animals of either sex were selected at random from different litters at various ages (1 d to 3 months after birth) and decapitated, and their brains were snap-frozen as described above.
Cell membranes were prepared as follows: Brains were homogenized in 10 vol of 50 mM Tris HCl buffer, pH 7.4, at 4°C plus 120 mM NaCl and 5 mM KC1 using a Brinkmann polytron (setting 6, 20 set). The homogenate was then centrifuged for 10 min at 50,000 x g. The supernatant was discarded and the pellet resuspended in 50 mM Tris HCl buffer, pH 7.4, at 4°C plus 300 mM KC1 and 10 mM EDTA.K, before incubation on ice for 30 min with gentle agitation. After centrifugation as above, the pellet was resuspended in 20 vol of 50 mM Tris HCI buffer, pH 7.4, at 4°C and recentrifuged at 50,000 x g and the supematant discarded. The pellet was washed twice with 50 mk Tris HCI buffer, pH 7.4, at 4°C before final resuspension in 60 vol of the same buffer. Aliquots were taken for protein determination (Lowry et al., 195 1) . For binding assays, 200 ~1 of membrane suspension were incubated for 90 min at 25°C with 200 ~1 of 50 mM Tris HCI buffer, pH 7.4, at room temperature containing 3 mM MnCl?, 0.02% BSA, 2 &ml chymostatin, 4 &ml leupeptin, 40 &ml bacitracin, and various concentrations of '*>I-BH-SP. Incubations were terminated by rapid filtration (Cell Harvester M-24R, Brandel Co., Gaithersburg, MD) and three 3 ml washes with cold buffer through Whatman GF/C filter strips presoaked in 0.1% polyethyleneimine for at least 3 hr prior to filtration. Specific binding was calculated as the difference in radioactivity bound in presence and absence of 1 PM SP. Binding of the ligand to filters was quantitated by counting filters with an LKB gamma counter with 80-85% efficiency. Under these conditions, specifically bound rY-SP represent 75-80% of the bound ligand at half K., values. 
Autoradiographic procedure
For autoradiography, postnatal rat brain sections were prepared as described before (Herkenham and Pert, 1982; Quirion et al., 1981 Quirion et al., , 1983 Unnerstall et al., 1981) . Briefly, animals were killed by decapitation, and their brains were rapidly isolated and immersed in 2-methylbutane at -4O"C, mounted on cryostat chucks, and cut into 25-pm-thick sections at -18°C. Sections were thaw-mounted near the edge of precleaned gelatin-coated slides, air-dried on ice for 2 hr, and then stored at -80°C until used. Frozen slide-mounted brain sections were incubated for 90 min as described above for cell membrane binding assays and in presence of 50 PM rz51-BH-SP. At the end of the incubation, slides were placed in racks and transferred sequentially through 4 rinses (1 min each) of 50 mM Tris HCl, pH 7.4, at 4°C. Specific binding of SP was defined as described above for membrane binding assays. Incubated slides were then rapidly dried under a stream of cold air and juxtaposed tightly against tritium-sensitive film (Ultrofilm, LKB) and stored at room temperature for 12-l 5 d. After this exposure, films were developed and processed as described before (Herkenham and Pert, 1982; Quirion et al., 1981) .
Figure 2. Maximal number (B,J of SP binding sites present in rat brain membranes during ontogeny. Specific binding of SP to rat brain membrane preparations has been investigated as described in Materials and Methods. Data are means of 3 experiments that varied less than 15% among each other. El8 and E20, mean 3 and 1 d before birth, respectively; P, number of days postnatally; adult, 3-month-old rats. 
Membrane binding assays
The maximal number of specific SP binding sites markedly varies during pre-and postnatal ontogeny (Figs. 1, 2). Typical Scatchard analysis data are represented in Figure 1 . As shown in this figure, the maximal number of sites (B,,,) is very high 1 d before birth (177 fmol/mg protein), while it is much lower 21 d after birth (62 fmol/mg protein). However, the affinities (KJ do not change significantly during this period (0.7 vs 0.6 nM at E20 and P2 1, respectively). Globally, a marked increase in the number of SP binding sites is observed just before birth with a 5 times increase in B,,, values from El8 to E20 (Fig. 2) . Three days after birth, only half of the SP binding sites found at E20 are still present (Fig.  2) . The lowest density of SP sites is observed at P7 and subsequently reaches adult levels at P 14 (Fig. 2) . K, values did not markedly change during ontogeny, with values being 0.8, 0.7, 1.0, 0.4, 0.5, 0.6, and 0.6 nM for E18, E20, P3, P7, P14, P21, and adult, respectively.
The ligand selectivity pattern suggests that 1251-BH-SP binds to a similar class of sites during ontogeny. As shown in Table  1 , SP and physalaemin, an SP homolog (Wolf et al., 1985) are potent displacers of lZSI-BH-SP binding throughout brain development, while SP fragments such as SP(3-11) and SP(l-7) are much weaker. Other mammalian tachykinins that are likely to interact with different receptors (Quit-ion, 1985) such as substance K and neuromedin K, are very weak displacers of 1251-BH-SP binding (Table 1) . Finally, a putative SP antagonist [DPro2, ~-Trp~s~lSP (Rose11 and Folkers, 1982) is almost inactive on Y-BH-SP binding sites (Table 1) .
Receptor autoradiography The distribution of SP receptor binding sites undergoes major modifications during postnatal ontogeny . As shown in Figure 3 (sagittal sections), high densities of SP binding sites are present soon after in most brain-stem nuclei at PI-P4, while very low concentrations of sites are seen in the same regions at P21 and in adult brain. More extensive details on the distribution of SP binding sites during postnatal ontogeny are shown in a series of coronal sections from rat brain at different ages (Pl-P21) (Figs. 4-8) .
PI. High densities of SP binding sites are present in most nuclei of the brain stem (Fig. 3A) , some midbrain areas (Fig.  3A) , and the external plexiform layer of the olfactory bulb (Fig.  3A) . More specifically, coronal sections show that high densities of binding sites are present in the striatum (Fig. 4, A-C) , olfactory tubercule (Fig. 4, A, B) , dentate gyrus of the hippocampus (Fig. 4, C, D) , various hypothalamic and amygdaloid nuclei (Fig.  4 , C, D), habenula (Fig. 40) amygdalohippocampal area (Fig.  40) , colliculi (Fig. 4E) , and entorhinal cortex (Fig. 4E) . Moderate densities of sites are seen in the lateral septum (Fig. 4, A,  B) , and various thalamus nuclei (Fig. 4C) . Low densities are found in most cortical areas (Fig. 4) . White matter areas such as the corpus callosum are devoid of specific binding sites (Fig.  4) .
P4. SP binding sites are similarly distributed 1 and 4 d after birth (Figs. 4,5) . Very high densities of sites are found in various brain-stem nuclei, including the central gray matter (Fig. 5E ), raphe nuclei (Fig. 5E ), trigeminal nerve (not shown), locus coeruleus (not shown), and inferior olive (not shown). High densities of sites are present in the striatum (Fig. 5, A, B) , habenula (Fig. 5C ), dentate gyrus (Fig. 5, C, D) , certain thalamic nuclei (Fig. 5C) , and superior colliculus (Fig. 5D) . Moderate densities are found in the lateral septum (Fig. 5, A, B) and various hypothalamic nuclei (Fig. 5C ). Low to moderate densities are present in most cortical areas (Fig. 5) . Very low densities of sites are present in the substantia nigra throughout postnatal ontogeny (Figs. 3-8) .
P7. Very high densities of sites are still present over most upper and lower brain-stem nuclei (Fig. 6 ). As shown in Figure  6 , high densities of SP binding sites are found in the external plexiform layer of the olfactory bulb (Fig. 6A) , striatum (Fig. 6 , B, C), lateral septum (Fig. 6B ), olfactory tubercule (Fig. 6B) , dentate gyrus and hippocampus (Fig. 6, C, D) , amygdala (Fig.  6, C, D) , habenula (Fig. 6C) , anterior hypothalamic nucleus (Fig. 6C) , certain thalamic nuclei (Fig. 6, C, D) , superior colliculus (Fig. 6 , E, F), inferior colliculus (Fig. 6G) , central gray matter (Fig. 6F ), entorhinal cortex (Fig. 6, E, F) , medial geniculate nuclei (Fig. 60, locus coeruleus (Fig. 6G) , olive nuclei, and nucleus of the trigeminal nerve. Low densities of sites are present in cortex (Fig. 6) , while only background levels are seen in the cerebellum (Fig. 6G) . White matter areas are devoid of specific 1251-BH-SP binding sites (Fig. 6) .
P14. Fourteen days after birth, the autoradiographic distribution of SP binding sites in rat brain is similar to the one previously reported in adult brain (Quirion et al., 1983; Shults et al., 1984) , except for the high densities of sites in the brain stem (Fig. 7, F, H ) and somewhat higher densities in the hypothalamus (Fig. 7, D, E) . In the forebrain, high-density sites are found in various areas including the external plexiform layer of the olfactory bulb (Fig. 7A) , striatum (Fig. 7, B-D) , olfactory tubercule (Fig. 7 , B, C), lateral septum (Fig. 7C) , habenula (Fig.  7, D, E) , certain thalamic nuclei (Fig. 7, D, E) , amygdalohippocampal area (Fig. 7, D, E) , amygdala (Fig. 7, D, E) , zona incerta (Fig. 7E) , and dentate gyrus (Fig. 7, D, E) . The laminar distribution of binding sites in the hippocampus is highly apparent (Fig. 7, D-F) . Low to moderate densities of sites are present, in a laminated fashion, in various cortical areas (Fig.  7) . More caudally, high densities of SP sites are found in the superior colliculus (Fig. 7, F, G) , central gray matter (Fig. 7, F , G), medial geniculate nuclei (Fig. 7, F, G) , pre-and parasubiculum (Fig. 7G ), locus coeruleus (Fig. 7H) , and other brain-stem nuclei ( Fig. 7H and not shown) . Very low densities of sites are seen in the substantia nigra (Fig. 7, F, G) .
P21. The autoradiographic distribution of SP binding sites in 2 1 -d-old rats is very similar to the adult one, with low densities of sites seen in most brain-stem nuclei (Figs. 3, 8) . As shown in Figure 8 , high densities of sites are seen in striatum (Fig. 8 , B-F), olfactory tubercule (Fig. 8, B-D) , septum (Fig. 8, C, D) , amygdala (Fig. 8, F , G), amygdalohippocampal area (Fig. 8, G , H), habenula (Fig. 8, F , G), anterior hypothalamus (Fig. 8, E , F), dentate gyrus (Fig. 8, F-H) , superior colliculus (Fig. 8, I , J), central gray matter (Fig. 84 , and locus coeruleus (8K). SP binding sites are distributed in a laminar fashion in the cortex and hippocampus (Fig. 8) . Very low densities of sites are seen in the . Section incubated in presence of 1.0 PM SP (0. Abbreviations: ah, anterior hypothalamus; cc, corpus cahosum; cg, cingulate cortex; cp, caudate-putamen (striatum); hi, hippocampus; hy, hypothalamus; mh, medial habenb, na, nucleus accumbens; r, raphe; s, septum; SC, superior collicuhrs; th, thalamus; tu, olfactory tubercule. Vol. 6, No. 8, Aug. 1986 I hi Figure 5 . Photomicrographs of the distribution of SP receptor binding sites in coronal brain sections from 4-d-old rats (P4). High densities of sites are present in the striatum (A. B), olfactory tubercule (A, B), dentate gyrus (C, D), certain thalamic nuclei (c), superior colliculus (0, E), and most brain-stem nuclei (E). Moderate densities of sites are found in the lateral septum (A, B) and the hypothalamus (c). Section incubated in the presence of 1.0 PM SP (0. Abbreviations: UC, anterior commissura; ah, anterior hypothalamus; aq, cerebral aqueduct; cc, corpus callosum; cg, cingulate cortex; cp, caudate-putamen (striatum); hi, hippocampus; ic, inferior colliculus; Is, lateral septum; na, nucleus accumbens; pug, periaqueductal gray matter (central gray); r, raphe; SC, superior colliculus; td, tractus diagonalis; th, thalamus; tu, olfactory tubemule. H Figure 6 . Photomicrographs of the distribution of SP receptor binding sites in coronal brain sections from 7-d-old rats (P7). High densities of sites are seen in the external plexiform layer of the olfactory bulb (A), striatum (B, C), septum (B), dentate gyrus (C-E), certain thalamic nuclei (C-E), superior colhculus (I?), medial geniculate nuclei Q, inferior colliculus (G), and most brain-stem nuclei (G) present at this level. Section incubated in the presence of 1.0 PM SP (H). Abbreviations: ah, anterior hypothalamus; am, amygdala; cc, corpus callosum; cp, cat&ate-putamen (striatum); dt, dorsal tegmentum; epl, external plexiform layer of the olfactory bulb; fi, frontal cortex; hi, hippocampus; hy, hypothalamus; ic, inferior colliculus; lc, locus coeruleus; md, mediodorsal thalamic nuclei; s, septum; SC, superior colliculus; th, thalamus; tu, olfactory tubercule. Quirion and Dam Vol. 6, No. 8, Aug. 1986 UC, anterior commissura; ah, anterior hypothalamus; am, amygdala; cc, corpus callosum; ce, cerebellum; cg, cingulate cortex; cp, caudate-putamen (striatum); dg, dentate gyrus; dt, dorsal tegmentum; epl, external plexiform layer of the olfactory bulb; fi, frontal cortex; hi, hippocampus; hy, hypothalamus; Zc, locus coeruleus; md, medial thalamic nuclei; mg, medial geniculate nucleus; mh, medial habenula; pug, periaqueductal gray matter (central gray); s, septum; SC, superior colliculus; $11, substantia nigra; td, tractus diagonalis; th. thalamus; tu, olfactory tubercule; iv, fourth layer of the cortex. t parasubiculum (G). Very low densities are present in the substantia nigra (F, G). Section incubated in presence of 1.0 PM SP (I). Abbreviations: ac, anterior commissura; am, amygdala; cc, corpus callosum; ce, cerebellum; cg, cingulate cortex; cp, caudate-putamen (striatum); dg, dentate gyrus; dt, dorsal tegmentum; epl, external plexiform layer of the olfactory bulb; fc, frontal cortex; ha, habenula; hi, hippocampus; hy, hypothalamus; fc, locus coeruleus; Is, lateral septum; mh, medial habenula; mg, medial geniculate nucleus; na, nucleus accumbens; pug, periaqueductal gray matter (central gray); SC, superior colliculus; sn, substantia nigra; tu, olfactory tubercule; zi, zona incerta. Figure 9 . Photomicrographs of the distribution of SP receptor binding sites at the level of the striatum in Pl (A), P4 (II), P7 (CT), P14 (D), P21 (E), and adult (F) rat brain. Note the "patchy" distribution of SP binding sites in the striatum of Pl-P7 rats, which becomes more and more homogeneous (4 F) as the animals get older. Abbreviations: cc, corpus callosum; cp, caudate-putamen; td, tractus diagonalis; tu, olfactory tubercule.
substantia nigra (Fig. 8, Z , .Z), and white matter areas such as the corpus callosum are devoid of binding sites (Fig. 8) .
Distribution of SP binding sites in the striatum during ontogeny
Besides the marked differences in SP binding sites seen in the brain stem during ontogeny, an interesting reorganization of the distribution of SP sites is found in the striatum (Fig. 9) . Early postnatally (Pl-P7), SP binding sites are distributed in "patches" in the striatum (Fig. 9, A-C) , while the distribution is more and more diffise as the animals get older (Fig. 9 , 0-n. At PI, P4, and P7, the SP binding sites in the striatum show a characteristic patchy distribution (Figs. 3A, 9 ), while this is certainly not the case in the adult striatum (Fig. 30, 9F ).
Discussion
It is well known that important morphological changes take place during ontogeny, and the study of the development of neuropeptides and their receptors could help to determine the possible roles of a given peptide in the developmental process. Our results clearly show that major modifications in the distribution of SP receptor densities occur during ontogeny. Similar results have been reported for other neuropeptide receptors such as opiates (Kent et al., 1982; Unnerstall et al., 1983) and neurotensin (Goedert et al., 1985) .
Since the density of lZ51-BH-SP binding sites varied markedly during ontogeny, it was important to determine if these sites had similar structural requirements throughout development. We observed a very similar ligand selectivity pattern for 125-I-BH-SP binding sites during ontogeny. As reported before for rat adult brain (Mantyh et al., 1984a; Mohini et al., 1985; Quirion et al., 1983; Shults et al., 1984; Torrens et al., 1983; Wolf et al., 1985) , SP fragments were only weak inhibitors of lzsI-BH-SP binding during ontogeny, while SP itself and physalaemin were the most potent. Other tachykinins such as substance K, neuromedin K, kassinin, and eledoisin were very weak competitors for lZSI-BH-SP binding sites, suggesting that these neuropeptides are probably acting on other classes of tachykinin receptors (Beaujouan et al., 1984; Buck et al., 1984; Cascieri and Liang, 1984; Kalivas et al., 1985; Mantyh et al., 1984b; Quirion, 1985; Quirion and Dam, 1985a) . A putative SP receptor antagonist [D-Pro*, D-T~TV]SP (Rose11 and Folkers, 1982) was almost inactive on these sites, as in the case of adult brain tissue (Quit-ion et al., 1983 ). These data demonstrate that lzsI-BH-SP binding sites have similar structural requirements throughout brain development. Naturally, the possible binding of '251-BH-SP to non-neuronal elements during ontogeny cannot be excluded. However, the very similar ligand selectivity pattern observed during ontogeny suggests that most of the lZSI-BH-SP binding is to receptor-relevant (neuronal) structures.
It is very likely that SP binding sites appear very early during embryogenic development, since significant densities of sites are present in rat brain 3 d before birth (E18). Moreover, the density of SP receptors markedly increases 1 d before birth, suggesting that SP might be a very important factor in the early maturation and organization of the CNS. The number of SP receptors subsequently decreases to reach more or less adult levels during the second week after birth. However, autoradiographic data clearly demonstrate that even if the total number of SP binding sites does not change much from P7 to adulthood, the distribution of these sites undergoes major modifications. This is especially striking in the upper and lower brain stem, which contain very high densities of sites up to 14 d after birth but not later. This could indicate that SP and/or related tachykinins may have an important role during the developmental organization of these brain regions. This is of special interest since it has been shown that SP acts as a "growth factor" in certain brain-stem nuclei following various pharmacological manipulations Hallman, 1982a, b, 1983a, b) . For example, Jonsson and Hallman (1982a, b) have shown that SP either prevents the degeneration of damaged noradrenergic neurons or has a regrowth stimulatory action on brain-stem noradrenergic cell bodies during ontogeny. This indicates that SP may have a growth-stimulatory effect on locus coeruleus neurons during neonatal development (Jonsson and Hallman, 1983b) . It has also been shown that SP has similar actions on damaged brain-stem serotonergic neurons during ontogeny (Jonsson and Hallman, 1983a) . Moreover, other groups have reported that SP stimulates neurite outgrowth in embryonic chick dorsal root ganglia (Narumi and Fujita, 1978) , increases neurite extension in neuroblastoma cells (Narumi and Maki, 1978) , and accelerates the regeneration of central catecholaminergic fibers in rat occipital cortex by acting on noradrenergic cells in the locus coeruleus (Nakai and Kasamatsu, 1984) . Finally, Nilsson et al. (1985) recently showed that SP and the newly discovered tachykinin, substance K, stimulate cell growth in connective tissues. Thus, this strongly suggests that SP and other mammalian tachykinins may have important roles as tropic factors in certain areas of the nervous system (e.g., brain stem), especially during ontogeny.
The very early appearance of SP-like immunoreactivity during embryogenic development also suggests that SP could be an important factor involved in the maturation of various brain pathways. It has been shown that SP is present in the rat brain fetus at gestational day 14, reaching adult levels between days 5 and 15 after birth Sakanaka et al., 1982) . Similar data have been obtained in fetal human brain, with high densities of SP-like fibers identified throughout the lower brain stem (Chamay et al., 1983; Del Fiacco et al., 1984; Namura et al., 1982) . Interestingly, it has been shown that in various brain areas, especially in the brain stem, more numerous SP-like cell bodies are detected in neonatal than in adult brain (Del Fiacco et al., 1984; Inagaki et al., 1982; Sakanaka et al., 1982) . This correlates well with the high density of SP binding sites present in the brain stem of neonatal animals.
Overall, the ontogeny of SP receptor binding sites appears to precede the full development of the SP neuronal network in rat brain. Our data indicate that the organization of the distribution of SP receptors is completed by 7-l 4 d after birth, while at least an additional week is needed for the maturation of the various SP pathways Sakanaka et al., 1982) . Similar results have been reported for the cholinergic (Coyle and Yamamura, 1976 ) and opioid (Kent et al., 1982; Patey et al., 1980) systems, suggesting that receptor binding sites appear during ontogeny before markers for the appropriate presynaptic elements. One important exception to this phenomenon is seen in the substantia nigra. While SP-like fiber terminals are present in this structure from gestational day 19 Sakanaka et al., 1982) , it is not possible to detect appreciable densities of SP binding sites in the substantia nigra during developmental ontogeny. Already, various groups have reported on the discrepancy between the distribution of SP and its receptors in the striatonigral pathway (Mantyh et al., 1984a; Quirion et al., 1983; Rothman et al., 1984; Shults et al., 1984) . Recent data strongly suggest that this apparent discrepancy could be related to the presence of the newly discovered tachykinin, substance K, and substance K receptors in the substantia nigra (Kalivas et al., 1985; Mantyh et al., 1984b; Quit-ion, 1985; Quirion and Dam, 1985a) . Thus, it would be of interest to compare the respective ontogeny of the various tachykinin receptors in mammalian brain.
The redistribution of striatal SP receptor binding sites during postnatal ontogeny is also of interest. Our autoradiographic data show that in neonatal rat brain, SP binding sites have a "patchy" distribution in the caudate-putamen, while this is not the case in the adult striatum. A similar situation has previously been observed for muscarinic receptors (Nastuk and Graybiel, 1985; Rotter et al., 1979) and acetylcholinesterase staining Ragsdale, 1978, 1983; Graybiel et al., 198 la, b) , while the opposite is true for mu opioid receptors (Kent et al., 1982) . It is well known that in the mammalian striatum, these patches or striosomes correspond to acetylcholinesterase-poor areas and dopamine terminal-enriched islands Ragsdale, 1978, 1983) . The functional significance of this architectural organization is unknown. However, Gerfen (1984) has recently shown that the striosomes receive inputs from the prelimbic cortex and project to the substantia nigra, pars compacta. Our findings suggest that SP receptors and dopamine-containing striatal afferents could be closely associated during ontogeny but probably not as much in adulthood.
In summary, SP binding sites appear early on during brain development. A major increase in SP receptors is observed 1 d before birth, suggesting that SP may participate in the early architectural development of the CNS. Postnatally, SP receptors undergo major redistribution in rat brain, with high densities of sites present in the brain stem of neonatal but not adult animals. This suggests that SP and/or related tachykinins may act as an important growth factor during the ontogenetic development of the brain.
